M. Sieskind. Applications of a group theoretical theorem. Generalization of the equations of crystalline and molecular vibrations in their general rectilinear coordinate axes. Particular case of Mos2. Application to the shell model. Journal de Physique, 1976, 37 (7-8) 
1. General introduction. -Before applying group theory, it is often desirable to substitute the operators of the treated problem by other equivalent operators which are easier to handle [1] . In particular, this is the case of the derivative operators, which appear in the expansion of the molecular or crystalline potential energy as a Taylor series of the displacement variables.
More generally, let us assume that the physical properties of a system derive from a potential function V which can be expanded in a Taylor (or Cauchy) series, and that the system remains invariant with respect to linear operators S belonging to a group L.
The linearity of the derivative operators allows [2] one to substitute the coefficients of the Taylor expansion by tensor products which are constructed from the variables, and the transformation law of which with respect to S is known.
We intend to apply this method to the simplification of the potential energy of the crystals and molecules referred to their own rectilinear coordinate axis.
For simplicity, we will consider the harmonic approximation and tensorial interactions [3] ., It is customary to treat the crystalline and molecular dynamical problems in a rectilinear orthogonal coordinate system. This choice is evidently justified for the objects which possess a cubic, quadratic, etc... symmetry. However, it seems more judicious to operate in an oblique coordinate system, for example the crystallographic one, in order to take advantage of the symmetry of the studied system. In particular, it is often easier to construct the force tensor [c] in an oblique coordinate system than in an orthogonal one. In other respects, the In this case, (g) becomes :
Remark. -For the rhombic and hexagonal crystals [7] , for example :
b) The co-and contravariant components of a vector. -It is well known that the covariant components qi of a vector transform like the base vectors under a transformation of coordinates [5, 8] .
Let g' be the contravariant components of the vector. The fundamental tensor [gi1 allows the transformation of the covariant components qj to the contravariant ones by the formula :
= (gij) be the inverse matrix of ( g). Then : c) The In the basis e', 2 T is :
3.3 POTENTIAL ENERGY. -Generalities. -In the classical theory of the vibrations [3, 9] , it is assumed that the forces derive from a potential V which is expanded in a series of small displacements off the equilibrium position. All terms of higher order than the second one are neglected (harmonic approximation) :
The general theorem (form. (Fig. 4) Wyckoff [12] . (Fig. 6 ). According to Wyckoff [12] , the position of the ions Mo and S in a cell is given by :
with u = ± 0.629. The S+ (+ u) ions are distinguished from the S-( -u) ions.
We intend to test the method described in the part 3 of this paper. To simplify, we assume only first neighbour' interactions and central forces (Fig. 7) as in the case of the previous paper of Bromley [13] which contains some errors. Three Let u be the unit displacement along e2 (Fig. 7) . Its contravariant projection is called x. In the triangle MoXu we have :
But the orthogonal projection is to be considered in the Mo(00)-S(00) direction, since e3 is perpendicular to the plane (e', e'). Consequently, the force exerted along Mo-S has the value :
It follows immediately that :
Direct inspection allows construction of the tensor Mo-00)]. The with :
The other terms Dij (S+ -S-) are equal to zero.
The parameters a', fl, y are adjusted by comparison with the optical and neutron data [14] . The p and y parameters are fixed at point r of the Brillouin zone and the a' parameter at point Q' of the upper acoustical branch A(y). The following values of the parameters have been found : and used to draw the theoretical phonon dispersion curves in the FQ' direction (Fig. 9) This method will now be applied to the case of crystalline vibrations in the approximation of the shell model. It will be proved incidentally that these models verify the harmonic approximation.
In the remainder of this paper, only operators will be considered. [17] all the possible modes of the local displacements of the ions surrounding a particular ion of the lattice are taken into account. In such a case, the displacements of the electronic shells are not arbitrary but correspond to the symmetries of the ionic displacements. Accordingly, the induced moments q possess also the same symmetries.
Three cases can occur : a) q has the same symmetry properties as u which can substituted for q and the problem to be solved is the same as for the S.M., that is to study the transformations of the tensor product ui Q uj.
Example :
b) q does not belong to the same irreducible representations as u, but is transformed like one of the product of coordinates. It is also possible to apply the general treatment.
Example : shear mode T25 (AgCl) [17] . c) q does not correspond to any of the two former cases.
Example : tetragonal deformation r 25 (AgCl) [17] .
It is necessary to examine the transformations of the normal coordinates Q lr 2-5) with respect to the L operators. Therefore, the relation (3.3.2) will be more generally written as :
In this expression, any physical quantity, simpler but which belongs to the same irreducible representations as u and q respectively, can be substituted for u and q.
The matrix elements of (5.1) which are zero or equivalent are then directly obtained.
Conclusion. - 
